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Despite the identical genotypes, the clinical course of sickle cell disease (SCD) is extremely variable, prompting the search for genetic and biological predictors of disease severity. [1] [2] Raised white blood counts (WBC) have been known to be a marker of disease severity in SCD since the 1990s. [1] [2] [3] "Benign ethnic neutropenia" has long been observed in hematology clinics in peoples of African descent. Recent work has shown that this relates to a single nucleotide polymorphism (SNP) rs2814778 T/C position -33 in the FY gene promoter resulting in lack of Duffy expression on red blood cells, and also a lower WBC. [4] [5] [6] [7] Afenyi-Annan et al also found that the association with FY status held with and without hydroxycarbamide therapy. 5 Relationships between the Duffy phenotype and markers of disease severity or the postulated disease phenotypes in SCD have been investigated but no clear consensus has been reached. 5, [8] [9] [10] However, using a multi-organ chronic disease score, Afenyi-Annan et al reported an overall increase in the number of organs damaged and also an association with macroalbuminuria as shown by 1+ urine dip positivity in the Duffy negative group. A total of 272 patients were genotyped for SNP rs2814778 (T/C) in the DARC promoter. The
Duffy phenotype was predicted to be negative based on the absence of the DARC -33T allele, the genotype was DARC -33C/C in 243 (89%) of patients. The Duffy phenotype was predicted to be positive based on the presence of the DARC -33T allele, with DARC -33T/C and -33T/T in 26 (10%), and 3 (1%) patients, respectively (Table 1a) . We note the percentage of Duffy negative subjects to be much higher than the 63% and 73%, reported in African Americans by Nalls et al and Afenyi-Annan et al, respectively, The difference is likely to be related to the different degrees of European admixture. The UK cohort is predominantly West African with a smaller number of African Caribbeans (Table 1a) .
The clinical characteristics and Duffy genotypes (and phenotypes) of the study group (and subgroups) are outlined in Tables 1a and 1b . There was no significant difference between the frequencies of rs2814778 T or C alleles between the different sickle genotypes. The predicted Duffy phenotypes were used to look for associations with markers of disease severity.
Laboratory data was available for the entire study group. Multiple regression analysis using a random effects model was used to analyze the data, enabling the pooling of multiple observations for the same individual. This data included both acute and steady-state results.
Analysis showed significantly lower WBC and neutrophil counts for Duffy negative patients (p = 0.001). Interestingly, raised Cystatin C and lower estimated glomerular filtration measurement using the Hoek formula, 12 were significantly associated with the DARC positive genotype (p = 0.002 and 0.001, respectively), although no association was found with macroalbuminuria as defined by a urine albumin:creatinine ratio of >30 (in line with NICE guidance). 13 The WBC and neutrophil rise in the acute phase was proportional to the starting value. Duffy status had no additional effect on hematological parameters in the acute phase.
These results are summarized in Table 1b .
Admission data were available for the whole cohort. Among the 272 patients, 112 (41%) had at least one admission during the two-year study period. There was no difference in the distribution of Duffy phenotypes between the admitted and non-admitted groups (89% of the total cohort were Duffy negative compared to 87% of the admitted group). The effect of Duffy status was analyzed using logistic regression. There were 313 admissions in total ranging from 1 to 19 per patient (mean 3). Length of stay ranged from 1 to 74 days (mean 7). 69 of the 112 patients 4 (61%) were readmitted within the study period (time to readmission 3 to 627 days, mean 158).
There were no significant effects of Duffy status on length of stay or time to readmission.
Analysis pertaining to clinical complications were limited to the 180 patients with Hb SS and Hb Sβ 0 as patients with Hb SC and Hb Sβ + tend to have a milder disease with fewer complications (Table 1b) . The groups were compared using Fisher's exact test. Notably, the incidence of leg ulcers was significantly higher in Duffy positive compared to Duffy negative patients (p = 0.04).
Age, gender and alpha globin genotype had no effect on the frequency of leg ulcers. We note that the difference in leg ulcers between the Fy -ve and Fy +ve patients in the study by AfenyiAnnan et al when compared to the study here; the population studied by Afenyi-Annan et al had 25% Fy +ve patients indicating a greater degree of European admixture. The number of sicklerelated complications also appeared to be significantly associated with Duffy status, but this effect disappeared when corrected for age. All other associations were non-significant.
Our results confirm the findings of seven reports that Duffy negative patients have lower WBCs and neutrophil counts both in healthy subjects and in individuals with SCD. Both Duffy negative and Duffy positive patients appear to be able to mount an increase in WBC during acute events with no difference in the amplitude of the WBC or neutrophil count from steady-state to acute state. Although the association between macroalbuminuria and Duffy status did not reach significance, the trend was towards an increased prevalence in the Duffy positive group which is in contrast to Afenyi-Annan et al, 5 . Cystatin C (another marker of renal function) was also significantly associated with Duffy positive status. This needs to be explored further, correcting for other known influences on renal function such as the role of hemolysis and other genetic polymorphisms. Several factors, genetic and environmental, contribute to the development and persistence of leg ulcers, 14-15 which we found to be significantly higher in the Duffy positive group. We speculate that the relatively higher white cell and neutrophil counts potentiates inflammation, predisposing to skin infarction and infection in the Duffy positive patients.
There are limitations to our study. Our sample numbers are small for some complications (including leg ulcers) and our study period for the admission cohort was limited to two years. It does not include data on Accident and Emergency attendances or the number of painful episodes patients have at home. Admission to hospital and duration of stay are also well known to be influenced by a range of cultural and social issues and intermittent illness (such as infections). It is important to note the potential effect of ethnic stratification on interpretation of the data. The Duffy null genotype is exclusive to Africans; hence, presence of the Duffy antigen 5 infers European admixture, and potentially, the inheritance of other polymorphisms that could be responsible for the association. Nonetheless, associations between the Duffy phenotype and markers of disease severity could benefit from further investigation. Further work is required to validate the hypothesis that the raised WCC associated with Duffy positive phenotype could potentiate increased rates of vaso-occlusion and potentially be a risk factor for the development of leg ulceration and renal dysfunction. 
